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The relation of amino acids in feeds to satisfactory growth of swine 
is-wel-J. reGognized,, A large percentage of the weight increase of a growing 
pig is made up of lean tissue, and the protein in this lean tissue cannot 
be efficiently synthesized and deposited if a proper combination of essential 
amino acids is not present in the feedo 
Many feeds commonly fed to swine supply proteins of low qualityo Corn 
protein is low in lysine and tryptophano Soybean meal is relatively lower 
in methionine than would be desirable for a protein supplemento However, 
evidence does not yet insure these to be the only amino acids needing con­
siderationa Further work is needed to determine whether other amino acip.s 
and/or other factors still unknown may be limiting maximum use ·of common 
rationso 
With relatively pure forms of both the natural Land racemic DL forms 
of amino acids now available, it is possible to use them as supplements to 
common rations in order to test the adequacy of such rations with respect 
to the amino acid in question and also to observe the effects of the D-
isomer on grqwtho 
The feeding trials described here are designed to study primarily 
1) the most desirable protein level for growth in a corn·0soybean meal type 
ration under the conditions of this se�ies of experiments, 2) the adequacy 
of a Iow protein corn=soybean meal type ration with respect to lysine and 
methionine, 3) the effect of the D=form of lysine on growth of swine, and 
4) the adequacy of a mile-soybean meal type ration with respect to lysine o
1 
LITERATURE REVIEW 
In a study of amino acid adequacy of feeds, it is necessary to corre-
late the amino acid requirements of the an:imal with the amino acid composi-
tion of the feedo The lit�rature bearing on the first of these includes 
·chiefly those amino acids known to be limiting in rations commonly used for
swineo
Tryptophan 
Beeson et alo, (1948) found that t�tophan is essential for weanling 
pigs by producing deficiency symptoms on a ration in which most of the 
tryptophan in the protein was destroyed by· hydrolysiso Supplementation 
with DL=tryptophan up to the Oo4 percent level supported normal growth 
indicating that the tryptophan requirement of weanling pigs did not exceed 
this figureo In later work, Shelton et alo, (1951) showed that growing pigs 
required Oo2 percent DL=tryptophan when a 24o5 percent protein ration was 
fed,, 
�· 
Thompson et alo, (1952), using suckling pigs on a synthetic milk diet, 
presented data that support the view that partial·utilization of the·D=, 
form may occur, although no statistically significant differences in growth 
or nitrogen retention were obtained between pigs.receiving L-and DL-formso 
Berg et aloj (1932) tested the utilization of the D-isomer of trypto= 
phan by rats fed a basal diet deficient in tryptophano When L-tryptophan 
was replaced by double amounts of the DL=form, rats showed a pronounced 
increase in growth rate, but when replaced by an equal amount of the DL� 
2 
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mixture, no significant difference was found in the growth rateo They 
concluded that growth is as rapid, or nearly so, when the ration contains 
DL=tryptophan as when it contains an equal amount of L=tryptophano duVigneaud 
(1932b) obtained equal growth in rats using D=tryptophan and 1-tryptophan 
separatelyo Oesterling and Rose (1952) in more careful investigations than 
were possible in the 1 30 1 s presented data indicating only 75 percent uti-
lization of the D-form by the rate 
Berg et alo, (1930a) showed the acetyl derivitive of 1-tryptophan to 
� � 
support growth of rats on a tryptophan defi�ient diet and later (1930b) 
demonstrated the ability of 3-indolepyruvic acid to replace tryptophano 
duVigneaud et alo, (1932b) verified the growth promoting ability of acetyl­
L=tryptophan·but obtained no growth response from acetyl-D-tryptophan fed 
to ratse Berg (1934) confirmed the above observations by feeding rats on 
tryptophan deficient diets, graded amounts of acetyl derivitives of L-, 
D= and DL=tryptophano It was concluded that acetylation does not impair 
the utilization of L=tryptophan but does render D-tryptophan useless for 
growth of ratso Acetyl DL=tryptophan gave no better growth response than 
acetyl-L=tryptophan, while acetyl=D=tryptophan gave no growth response at 
allo 
Totter and Berg (1939), studying the influence of opti.cal isomerism 
on the utilization of various amino acids for growth in the mouse, found 
that D-tryptophan promoted some growth but was not equal to the 1-isomer. 
Wilkening and Schweigert (1947) indicate partial utilization of D-




(1949) produced rapid recovery of weanling pigs from 
symptoms of lysine deficiency by adding 2.,0 percent DL=lysine to a purified 
diet deficient in lysinee Brinegar et ale, (1949) fed a 10.6 percent pro=
tein diet containing linseed oil meal supplemented with histidine and me­
thionine and found that L-lysine added in levels up to 0.58 percent of the 
diet increased growth rate of weanling pigs over a four week period. 
Brinegar et al." (1950b) using sesame meal as the protein supplement, pro­
duced an increase in daily gain and in feed efficiency of young pigs on 
increasing levels of L·�lysine up to 1.17 percent of a 22 percent protein 
rationo They concluded that the increased growth rate obtained on a high 
protein ration accounts for part of the observed increase in the absolute 
requirement for lysine. Shelton et alo, (1950) using 10 percent gelatin 
and 16 percent zein as the source of protein supplemented with tryptophans 
methionine and histidine .'/ estimated the L-lysine requirement for optimum 
growth of weanling pigs at l�O percent of the diet. Increased growth rate 
above the basal diet resulted from the additions of 0.,5
1 
0 .. 8 and LO per­
cent, but no further improvement was obtained at the 1o2 and 1.,4 percent 
levels over a 35 day periodo 
Grau (1S48) tested the effect of protein level on the lysine require=
ment of chicks� Sesame meal was used as the protein source and L=lysine 
was added at varying levels .. Even without supplemental lysine growth rate 
increased as the protein level was increased .. The addition of 0 .. 1 percent 
L-lysine increased the growth rate at all protein levels
,9 
but 0.,2 percent
added L=lysine was only effective at protein levels above 5 percent., and 
4 
0�3 percent added L=lysine was only effective when the ration contained 
more than 10 percent prote,in. From these data it was concluded that as 
protein level is increased., lysine requirement for maximum growth of chicks 
also increases, but at a decreasing rate. This was true whether the lysine 
requirement was expressed as a percent cf the diet or as the weight of 
lysine consumed per day per unit body weight. It was suggested that amino 
acid requirements can best be expressed as a percentage of the diet at a 
particular protein level, preferably the minimurn protein level necessary 
5 
to promote rapid growth. Grau and Kamei (1950)showed that when zein replaced 
20 percent of the glucose in a lysine deficient ration the lysine requirement 
of the chicks was increased, showing further that the lysine requirement 
increases with the level of protein. 
Kratzer (1950l feeding a 25 percent protein ration t� turkey poults 
in which sesame meal was the source of protein,obtained increase in growth 
directly proportional to th(j L=lysine level in the ration., Approximately 
twfoe as much DL=lysine was required to produce growth equal to that obtained 
from the 1-isomer. In another phase of the exper�nent four groups of eight 
poults each were fed for 16 days on the same basal diet with graded levels 
of D=lysine addedo Average daily gain for each lot decreased as the D=lysine 
level was increased9 indicating growth depression resulting from presence of 
the D-isomero 
Berg and Dalton (1934) in studying the influence of optical isomerism 
on utilization of lysine for growth presented data indicating that only 1-
lysine can be used by the rat for growth., Later 9 Berg (1936) fed a purified 
diet in which zein
9 
supplemented with tryptophan9 cystine and histidine was 
the source of ni trogeno When D=Jys Lne was added he observed no diff �rence 
in growth or behavior between rats fed D=lysine and those getting no lysine 
supplement. All the rats supplemented with 1-lysine showed an increased 
growth rate .. Rats fed L-lysine following a period of 80 days with no 
lysine supplement, responded immediately in growth. 
Guthnick et al., (1953) tested various proteins, from both animal and 
plant sources, for differences in degree of utilization of their lysine by 
protein depleted adult ratso Fecal excretion of lysine was determined and 
the results showed that a greater percentage of lysine was excreted in the 
feces of animals fed cereal foods and unheated soybean flakes than was ex-
creted in the feces of rats fed dried eggs and animal protein productso 
Totter and Berg (19391 using the mouse to study the utilization of 
optical isomers of various amino acids, obtained no growth promotion by the 
addition of D-lysine to a lysine deficient purified rationo 
Methionine 
Mitchell and Block (1946) indicated that for rats methionine is the 
limiting amino acid in soybean protein. Bell et �o, (1950) showed the 
deficiency of methionine in soybean oil meal by feeding a purified ration 
containing 10 percent protein from soybear: meal. The unsupplemented soy-
bean meal was less efficiently retained by growing pigs and had a biolog= 
ical value below the control, whole egg protein, but methionine added to 
equal the amount in the whole egg made the soybean protein equal to egg 
protein., They estimated the methionine requirement for growing pigs to 
. . 
be between Oo07 and Oo27 percent of the ration with no mention made of 
cystineo Shelton et .§l-10.9 (1951) with a 21 percent protein basal ration and 
(1950) with a 22 percent protein basal ration, ad�ed various levels and pro-
r)· 
portions of methionine and cystine to a ration for weanling pigse They set 
6 
the methionine requirement at Oo3 percent of the ration in the presence of 
0.3 percent cystine or 0.,6 percent methionine if no cystine is present. 
Curtin et §.L, (1952b) demonstrated that for pigs there is no prac= 
tical need for methionine supplementation to a corn soybean meal ration 
containing 22.percent protein and 0.36 percent cystine. The requirement 
of methionine was estimated not to exceed 0 .. 31 percent of the ration at 
this level of proteino Curtin et alo., (1952a) in a later evaluation, set 
the requirements for growing pigs at 0.,45 percent of the ration when the 
ration contains Oo27 percent cystirie. The methionine plus cystine re-
quirement in this case was approximately 0.,7 percent of the ration. 
Bauer and Berg (1943) fed mice mixtures of 20 purified amino acids 
as a source of nitrogeno It was found that both optical isomers of me=
thionine could be used for growth by the mouseo 
duVigneaud et alo, (1932a) compared the growth promoting properties 
--
of D- and L-cystine in rats.. From these data obtaj.ned using a purified 
diet, it was concluded that D-cystine cannot be used for growth in place 
of the naturally occurring_L-forrn., Loring et ala:, (1933) found that meso-
cystine (inactive D�-mixture) promoted growth equal to that obtained with 
the L-isomer, indicating complete resolution into the D-and L-£0:111-s, but 
no utilization of the D-formo Jackson and Block (1932) used a diet low 
in cystine to test the availability of methionine as a supplement for 
weanling ratso Average growth of 10 rats before methionine supplementa­
tion was 0.90 gram per day; after methionine supplementation9 18o2 grams 
per day" These results show that methionine is capable of stimulating 
growth in rats on a diet poor in cystineo 
7 
Almquist (1949) concluded that the methionine requirement for chicks 
increases in direct proportion to the rise of protein level of the rationo 
8 
Almquist (1951) stated the methionine requirement for the chick to be 
Oo5 percent of the diet with adequate cystine present or Oo9 percent in the 
absence of cystineo Bird (1952) fed a methfuonine deficient basal ration ad 
libitt:rn to two week old chicks to compare methionine and two of its analogues 
with,: respect to improvement of growth and feed efficiency" The analogues 
used were dl-(l'r=hydroxy-Y'-methylmercaptobutyramide and the salt of dl=d-= 
hydroxy-Y"-methylmercaptob�tyric acido The growth response obtained from 
these methionine analogues, in general, paralleled that obtained from me­
thionineo With all three supplements feed utilization was improved above 
that of the basal at all levels fed (O.l-0 .. 4 percent of the ration)., These 
data indicated that the chick has the ability to utilize both of these me­
thionine analogues as well as methionine itself for growth and improvement 
of feed efficiencyo 
Grau and Kamei (1950) also observed a relationship b'etween protein 
level and methionine requirement, but not a linear one; that is, the me= 
thionine requirement increased with.the protein level, but at a slower 
rateo Their explanation for this discrepancy was that the cystine require­
ment for optimum growth may be unaffected by protein level while the 
methionine requirement is markedly a£fectedo Thus if cystine requirement 
were subtracted from methionine plus cystine requirement at all protein 
levels, the methionine reqctirement would increase with the protein levelo 
There is no direct evidence, however, concerning cystine requirement and 
its relation to protein levelo 
Kade and Sheperd (1948) showed the inhibitory effect of greater than 
optimum quantities of methionine on growth of ratse DL=methionine added, 
in varying levels to a casein diet gave the following results� 1.,0 percent, 
increase in growth over basal; lo5 percent, only slight increase over basal; 
2o0 percent and 2o5 percent DL methti..onine, definitely inhibited growth and 
protein utilization. It was suggested that the mixture of amino acids in 
which the proportion most nearly approaches the req,1irement of the animal 
for essential amino acids is probably the most efficiently utilizedo 
Wyzan et aL, (1950) produced symptoms of methionine toxicity in adult 
dogs fed casein or lactalbumin diets. Doses of methionine over the optimum 
level produced vomiting, negative nitrogen balance, loss of hair, open skin 
lesions, and dry eyes hypersensitive to light., 1'hese symptoms were severe 
enough to cause death. It was observed that if more than 50 percent of the 
total nitrogen was supplied as methionine an imbalance was created which 
impaired utilization of the entire ration0 'I'he toxic effects could not be 
attributed, at least directly, to its labile methyl groups or its sulphur 
content, since excessive choline chloride and cystine were fed without 
adverse effects,, 
Other Amino Acids 
Beeson et alo, (19.51) used weanling pigs to test the essentiality of 
arginine, leucine
.9 
pte.nylalanine and valine for their growtho These workers 
showed for the first time that these four amino acids are required along 
with the other six known to be essential for the rat, for the optimmn growth 
of weanling pigso 
9 
Brinegar et al o , (1950a) using blood meal as the protein supplement 
to a 22 percent protein basal ration, set the isoleucine requirement for 
optimum growth of weanling pigs at Oo7 percent of the rationo 
Sewell et alo, (1953) fed a semi-synthetic milk diet containing 11 
runino acids but lacking in threonine' to suckling pigs to determine their 
requirement for threonineo L-threonine was added to the 25 percent pro-
tein diet at various levels up to lo12 percent of the rationo Increased 
growth rate and feed efficiency were obtained with increased 1-threonine 
up to 0.,92 percent of the total diet, but no further improvement resulted 
from additional threoninee From these data the 1-threonine requirement of 
suckling pigs was estimated at approximately Oo9 pereent of a 25 percent 
protein diet., 
Mertz et aL, (195'2) fed a diet to weanling pigs, in which pure amino 
acids an� <liammonium citrate provided the nitrogen, to determiner their 
threonine requiremento Bas�d on their data obtained over a 35-day feeding 
period they estimated that the 1-threonine requirement of weanling pigs 
does not exceed Oo4 percent of the rationo 
Cox and Berg (1934), in a comparison of the availability of D-and L-
forms of histidine for growth by rats, observed that D-histidine was able 
to replace partially, but not completely, 1-histidine in a purified dieto 
Totter and Berg ( 1939 ), using zein as a source of protein supplemented 
with several amino acids, found that mice could utilize D-histidine to 
some extent, but that the growth was slower than,.with the natural formo
Bauer and Berg (1943) obtained moderate g�owth in mice fed amino 
acid mixtures as the nitrogen sourceo The study was designed to test the 
utilization of the D=form of several amino acidso It was concluded that 
10 
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both forms of phenylalanine are used, but only the 1-form of valine, leucine, 
isoleucine and threonine can be used for growth by miceo 
Wyzan et al., ( 1950) showed that 1. \rge excesses of phenylalanine added 
to a casein diet for dogs are metabolized without difficultyo The tyrosine 
formed may be voided in the urine in quantities exceeding its solubilityo 
It was also shown that the addition of tyrosine and leucine was without 
effect on nitrogen utilizationo . Tyrosine is poorly absorbed and at high 
intakes a high proportion. appears in the feceso 
The del:i.cate balance existing between certain amino acids was emphasized 
by Stare and Bent (1952) in summarizing results of work where a tryptophan 
deficiency was produced in rats and then more growth response was obtai.ned 
by adding niacin than by adding tryptophan itself., It was demonstrated that 
tryptophan defi.ciency can be produced easier in the presence of sulfur con=
tain:ing amino acids than in their absence. 
Ebisuzaki et alo, (1952) produced an amino acid imbalance by adding 
0 .. 078 percent threonine to a 9 percent casein diet. Supplying the protein 
as free amino acids simulating 9 percent casein, results in no imbalanceo 
The results were interpreted as indicating that excess dietary threonine 
causes imbalance by decreasing the availability of the amino acids in whole 
casein, possibly by inhibiting digestive processeso 
Amino Acid Requirements as a Percentage 
of Protein in the Diet 
It is felt by several workers that the amino acid requirements of pigs 
can be more accurately measured when expressed as a percentage of dietary 
protein rather than as a percentage of the total rationo Brinegar et alo, 
(1950a) estimated the isoleucine requirement of the growing pig to be 3"2 
percent of the dietary protein., The same workers (1950b) set the L-
lysine requirement at 5,,5 percent of the dietary protein., Curtin et aL, 
(1952a) reported a DL=methionine requirement equal to 3.2 percent of the 
protein of a 22 percent protein ration., Beeson et al.,, (1948) indicated 
the DL-methionine requirement does not exceed lo4 percent of the dietary 
protein,. This discrepancy may be due to allowance for cystine in one case 
but not in the othero 
Grau (1948) and Grau and Ka.m.ei (1950) have presented data from chick 
experiments which show that lysine and methionine requirements increase 
with increased protein in the ration, indicating the desirability of 
expressing amino acid requirements as a percentage of the protein, since 
these figures do not differ greatly at widely varying levels of protein 
intake., This relationship of amino acid requirements to the dietary pro-
tein level follows the concept of Almquist (1947) who stated that require-
ment for any essential amino acid for a given growth rate has a definite· 
proportion to the others presento 
Time Factor in Amino Acid and 
Protein Supplementation 
Geiger (1947) fed weanling rats on low protein diets to study the 
effects on growth of delayed supplementation to incomplete amino acid 
mixtures" Rats fed a tryptophan deficient diet supplemented with tryp-
tophan incorporated into the feed grew satisfactorily., Those fed the 
added tryptophan at alternating 12 hour intervals with the rest of the 
ratfon displayed no growth at allo !Js:i.ng the same experimental design, 
similar,res�lts were obtained feeding a zein ration deficient in lysine, 
and a methionine-free casein rationo When the limiting amino acid was 
12 
incorporated into the ration good growth resulted, but when fed at alter-
nating intervals with the deficient ration very poor growth was obtainedo 
From this finding, it was suggested that incomplete araino acid mixtures 
are not stored in the body but are irreversibly further metabolized, a.�d 
that for protein synthesis, all essential components must be present at 
the same time .. 
Cannon et al., (1947) made rats protein deficient by dietary deple­
tion .. They recovered lost weight steadily when fed a repletion ration 
adequate in all respects .. However, if the repletion ration was divided 
into two parts, to one of which were added arginine, histidine, leucine, 
lysine, and threonine and to the other isoleucine, methionine, phenylala-
nine, tryptophan and valine, and these two rations were fed alternately, 
poor weight recovery resultedo If the two were mixed and. fed using the 
time intervals as before, good growth occurredo When depleted rats were 
fe� free choice, both incomplete rations at once they still lost weight; 
presumably because the first ration was not eaten in close enough time 
relation to the secondo The workers concluded that for effective tissue 
synthesis all essential amino acids must be available at once, since the 
storage time is apparently very limited .. 
Geiger (1948) studied the effects of separate feeding of two proteins 
each lacking in at least one amino acid, but complementary to each other 
when mixed. The combinations used were wheat gluten meal (low in lysine) 
plus blood meal (low in isoleucine); yeast (low in methionine) p1us blood 
meal; and wheat gluten plus yeasto Growth of the rats during a 16 day 
.. 
period was measured� One group was divided into three lots and fed a 
semi=purified ration, each lot being supplemented with one of the three 
13 
protein combinations describedo A similar group was divided into three 
lots and fed the same ration as the companion lot above but the respective 
protein supplement pairs were fed alternately. Food was received by each 
group from 8 AM to 6 PM and 8 PM. to 6 AM. · When mixed at 4o5 percent each to 
. . .  . . .
make a 9 percent protein ration, these pairs gave satisfactory growth, .but 
if fed separately with a time lapse between feedings poor growth resulted. 
It was therefore concluded that delayed provision of missing essential 
amino acids is ineffective, not only when fed as amino acids themselves, 
but when supplied as proteins. 
Protein Adequacy in Various F'eedstuffs 
Hopkins��., (1903) were first to demonstrate that changes in 
protein content of corn created by selective breeding are related to 
changes in proportionate amounts of the anatomical parts of the kernel. 
Nutritional quality of corn germ protein has been recognized by Block 
and Bolling (1944) and Mitchell and Beadles (1944) as approximating that 
of animal proteins both from feeding experiments c;nd comparative amino 
acid analyses. Osborne and Mendel (1914a) and(l914b) showed that the 
alcohol soluble protein of corn, zein, �as nutritionally inadequate since 
animals rapidly lost weight on a diet with zein as the source of proteino 
Normal growth was restored by adding lysine and tryptophan to the basal 
diet. Zein was also shown to be absent from the corn germ, although it 
is a major part of the endosperm. 'l'he rest of the endosperm protein, 
largely glutelin, was shown to contain the amino acids which zein lacks,. 
Showalter and Carr (1922) werethe first to show that the proportion 
of zein to total protein is greater when the total nitrogen of corn is 
higher. Increases in zein content were accompanied by .a corresponding 
14 
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decrease in the glutelin fraction. Upon alcohol extraction they reported Bol 
percent zein in corn containing lS. 7 percent protein and 2 o2 percent zein 
in corn containing 8.0 percent proteino Hanson et aL, (1946) measured 
the correlation between zein content and total protein content of 18 corn 
sarnp1es ranging from 603 percent to 19.7 percent proteino They found a 
highly significant correlation between zein content and protein content. 
They concluded that the feeding quality of corn protein is inversely re.,. 
lated to its zein content because of the deficiency of lysine and trypto­
phan in zeino Frey ( 1951) analyzed corn for protein, z,ein, tryptophan, 
valine, leucine and isoleucine. Correlation coefficients showed that 
valine, leucine and isoleucine were more closely related to each other 
than they were to the tryptophan content in corn. Zein became an increas­
ing proportion of the total protein as the protein percentage increasedo 
Tryptophan and valine became a decreasing proportion and leuc5ne an in­
creasing proportion of total protein ac the protein percentage increased. 
No trend was observed for isoleucine& It was concluded that where protein 
q1..:ali ty is important, low protein corn should be selectedo It was suggested 
that the best method for improving quality would be to select for larger 
germ size, because of the better quality and higher percentage protein 
contained in the germo Mitchell et aL, (1952) verified results obtained 
previously by other workers, that the proportion of zein in corn increases 
as the total protein :i.ncreaseso .AnaJysis for tryptophan and lysine by 
microbiological methods showed the decreasing percentage of tr;yptophan and 
lysine in the total protein of corn with an increase in the percentage of 
the protein in corno Weanling rats were used to determine digestibility 
and bfological values of high and low protein corn� It was concluded that 
digestibility of mixed proteins of corn increases slightly as the protein 
content of the corn increases, but the biological value is considerably 
decreased as the protein content increases. 
Dobbins et alo, (1950) compared high and low protein corn for growing-
-. -
fattening pigso Corn starch was added to each of' the two rations used to 
make them equal in energye psing nine pairs on equal feed intake, yellow 
corn containing llo7 percent protein was no better than corn containing 
802 percent protein, when each provided the same amount of protein in the 
rationo In another trial, three groups of pigs on equalized feed intake 
were fed equal amounts of corn containing 7o7 percent, 9"1 percent and 12 .. 8 
percent crude protein with enough alfalfa meal; soybean meal and meat 
scraps, equal parts, added to raise all rations to 15 percent proteino 
Average daily gains of pigs fed the ration containing the 1208 percent 
protein corn was significantly less than those made by pigs on the other 
rationso Eggert et ala, (1S5,), in comparing the value of high and low 
protein corn for growing pigs ., obtained a significantly greater apparent 
digestibility of nitrogen in corn containing lLro 9 percent protein than in 
corn containing 1006 percent proteine The addition of a slight excess of 
lysine and tryptophan to both diets largely eliminated this differenceo 
In a second phase of the experiment, high protein corn (13 .. 9 percent and 
12o4 percent) and normal protein corn (9ol percent) were each combined 
with protein supplements to make 17 percent protein rations and fed to 
growing pigs. It was shown that the ration containing the normal protein 
corn resulted in greater daily gains and greater nitrogen �etention than 
w-ere obtained from high protein corno 
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Mitchell and Block (1946) with rats and Bell et alo, (1950) with pigs 
--
demonstrated the relative deficiency of methionine in soybean mealo 
Smith (1930) in comparing the nutritive value of corn with that of 
various grain sorghums, concluded that sorghums are, in general, higher in 
protein and lower in fat than corno Shelton et alo, (1951) feeding sorghum 
gluten meal to growing pigs obtained li.ttle or no gains during a short 
feeding trialo The poor gains were explained by the fact that sorghum 
gluten meal is extremely low in lysine and is also a poor source of some 
of-the other amino acidso If used in a ration so as to constitute not 
more than 25 to 30 percent of the protein supplement or not more than 4 
percent of the 'total ration, satisfactory gains were obtainedo When 
sorghum gluten feed was supplied in place of sorghllill gluten meal as 30 
percent of the protein supplement, the gains were inferior to those 
produced on the gluten meal ration and 100 pounds more feed were required 
per 100 pounds of gaino 
Heller et alo, (1944) found considerable variation (10o5 percent to 
15.0 perc·ent protein) in the protein content of different varieties of 
grain sorghum,, Variations between varieties were no greater than varia-
tions.within a single variety grown under widely different soil and 
climatic conditionso Sorghum grown under drouth conditions showed 
consistently higher protein content than that grown under normal condi-
tionso This increase in protein was accompanied, however, by low grain 





The first experiment was designed to test the adequacy of corn-
soybean meal rations with respect to lysine and methionine content and 
also to compare a 12 percent protein ration wit� a 17 percent protein 
ration of the same type6 The ration containing 17 percent protein was 
compared to one of similar protein content containing 6 .. 1 percent casein .. 
Growth rate and efficiency of feed utilization were used as the criteria 
for measuring t.he adequacy of the rations., The trial was conducted 




Seventy=twp healthy weanling pigs of mixed breeding were allotted 
equally on the basis of breeding, weight, sex and age, to eight treat-
mentso Average initial weight of the pigs used was J(S pounds., The 
pigs were assigned to the various rations at randomo 
Housing 
The pigs were housed in individual concrete=floored pens (3! x 51 
. ,; 
feet) in a well ventilated building., The pigs were removed from the pens 
only for weighing., Individual self feeders (lxlx3 feet) were used to 
supply feedo 1 Water was supplied to each pig in a small trough in which 
fresh water was placed twice daily .. 
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Rations 
Each lot of pigs was self fed one of the mixed rations shown in 
Table Io The chemical composition of the feeds used appears in Table IIo 
The rations were prepared in the following manner: Number 2 yellow shelled 
corn, purchased on the open market, was ground to medium fineness and mixed 
with the other components. Solvent-extracted soybean meal and dehydrated 
alfalfa meal supplied additional protein., Certain B-complex vitamins and 
vitamin D were added to all rations in the amounts shown at the bottom of 
Table Io Each ration was adequate with respect to the energ-y, mineral and 
vitamin requirements as outlined by the National Research Council (1950)& 
Methods of collecting data 
Pigs were weighed every fourteen days until they approached 90 pounds 
when weighing was done more frequently so as to obtain a weight as close 
to 90 pounds as possible., 
Lots IV-VIII were remov.ed _from .the experiment at 90 pounds., Lots I.,
II and III were continued to approximately 200 pounds., Feed consumption 
of each pig through the previous weigh period was measured at every weigh� 
ing to facilitate periodic calculation of feed efficiencyo 
Trial II 
General 
The second experiment was designed to determine whether a 12 percent 
protein corn-soybean meal ration is adequate during the winter when feed 
consumption is greater, and also to further test the adequacy of this type· 
of ration with respect to lysine, again using growth rate a.nd efficiency 
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Trial I= Summer 1952 
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7o0 7 .,0 
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1.,0 l�O 
0�5 0.,5 

















VI VII VIII 
78.5 78,,5 78 .. 5 
10 .. 7 10.,7 10,.7 
7o0 7.,0 7.,0 
2.0 2.,0 2 .. 0 
1 .. 0 1 .. 0 lc,O 
Oo5 0.5 o., 
0,.3 Oo2 0 .. 2 
0\)025 0.,05 
100�0 100,.0 100,.0 
0 ., 86 0.,81 0 ., 81 
11.98 11.98 11.98 
·1!3'vitamins were.added to all rations at the following·ratesi Thiamine,
0.,5; riboflavin, L.5; niacin, 6.,0; pantothenic acid, 4oO; pyridoxine, 0.,6; 
choline, 200 milligrams and.vitamin B12, 9.,0 micrograms per pound of mixedration to furnish·vitamin Do The crystalline B-vitamins were furnished by 
Merck and Company, Inc" 
t· "·" .  .. 
�Furnished by.Eo I., duPont de Nemours and Company"
3Jalculated amounts based on microbiological assay of ration components" 
20 
Table.II 
Chemical Composition of Feeds 
Trial I - Summer 1952 
Crude 
H20 Ash Fat Fiber NFE Ca p Protein 





Corn 1306 L3 3o3 2o3 7L30 OolO 0.,JO 7.,8 Oo29 0.,34 4.,36 
Soybean meal 6.,5 7 .,.0 4o5 6.,2 29029 Oo40 Oo61 45o5 Jo06 Jo27 7 .. 19 
Alfalfa meal 805 10o5 2o2 26 .,J 36 .. 98 Oo96 Oo26 14o3 lc,17 1 .. 28 8.90 
Casein -- -- -- -- -= -- -- 83.,J 9o47 11.40 
l:E:xpressed as a. percentage of �he dry matter .,
2�ressed in grams lysine (or methionine) obtained from 100 grams protein,.
Methionine 
% %:r %2
Ool8 Oo21 2<>69 
0 ., 60 0.,64 lo41 





of feed utilization as the criteria .for interpreting the results. The 
trial was conducted during the winter of 1952-53, the experiment being 
initiated on November 25, 19.52. 
Experimental Animals 
Forty healthy Hampshire and Hampshire x Poland China weanling pigs 
were allotted equally on the basis of weight, sex and age, to five treat­
ments .. Average initial weight of the pigs used was 50.9 pounds. Twenty­
five barrows and fifteen gilts were used (five barrows and three gilts on 
each ration)o The pigs were assigned to the various rations at �andomo 
Housing 
The pigs were housed in the same pens and handled in the same manner 
as those in Trial Io Since there was a temperature difference of about 
10 degrees between the extreme ends of the barn when outside temperatures 
were +10 degrees F6 or lower, the heaviest pigs were assigned to the 
coldest section and the lightest pigs to the warmest section in order to 
minimize the effect of temperature differenceso 
Rations 
Each lot of pigs was self fed one of the mixed rations shown in 
Table IIL The chemical composition of the feeds used appears in Table 
IVo The ration components were similar to those of Trial I and the 
rations were prepared in the same manner as in Trial Io 
Methods of .2_£llecting data 
Pigs were weighed individually every fourteen days until they 
approached 200 pounds, when weekly weighing was begun so as to remove 
each pig at as close to that weight as possibleo Feed consumption of 
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Table III 
Percentage Composition of Rations Fed 
Trial II - Winter 1952-53 
Ration Numberl I II III IV V 
Number of pigs 8 8 8 8 8 
Corn (shelled, ground) 80�00 79.90 79.80 68.00 76.55 
Soybean meal 9.75 9 .. 75 9.75 21.75 13.20 
Alfalfa meal (dehydrated) 7.00 7.00 7.00 1.00 7 .. 00 
' 
Bone meal 2.00 2.00 2.00 2 .. 00 2 .. 00 
Trace mineral salt LOO LOO 1.00 LOO l.00
Aurofac 2A 0.25 0.,25 0.25. 0.25 0.25
DL.;.lysine • Hcl2 _ ... _ 0.10 0 .. 20 ---
Total 100.,00 100(100 100 .. 00 100.,00 100.00 
Total L-lysine3 o.64 0.69 0.74 0.99 0.74 
Tot,al protein 11 .. 99 11.99 11.99 16 .. 06 13.16 
1B-�ita.mins were added to all rations at the following rates:
Thiamine, Oo5;. riboflavin, 1 .. 5; niacin, 6 .. 0; pantothenic·acid, 4.0; 
pyridoxine, 0.,6; cholj.ne, 200 milligrams and vitamin B12, 9 .. 0 micro­
grams per pound of mixed ration. Delsterol was added at the rate of 
8 grams per 100 pounds of m:ixed ration to furnish vitamin D. The cry­
stalline B.:v'i tamins were furnished by �erck" and Company, Inc. Both · ' 
forms
2
of lysine were.furnished by E. I. duPont de Nemours and Company.
DL-lysine was replaced by 95 percent 1-lysine on an equal L­
lysine basis February 1 du.e to unavailability of DL-lysine. 
3calculated amounts based on microbiological assay of ration 
componentso 
Table IV 
Chemical Composition of Feeds 




O Ash Fat Fiber NFE Ca p Protein 
_% % % % % % 
Corn 12o7 L4 2.,0 lo7 73�30 0.,30 0 .. 20 804 
Soybean meal 12o2 6.,3 L6 6.7 30.09 0d31 Oo50 42.3 
Alfalfa meal 8.8 1108 2.8 24.135.251.06 0.25 16.0 
1Expressed as a percentage of the dry matter._
L�sine 
% %I %2 
0.30 0 .. 34 4.05 
2.87 3.27 7.73 
Oo64 0.70 4o38 
2Expressed in grams lysine obtained f�om 100 grams protein.
23 
% 
each pig through the previous weigh period was measured at every weighing 
. . 
. 
to facilitate periodic calculation of feed efficiencyo 
Trial III 
General 
The third experiment was designed to test the adequacy of a milo-
soybean meal ration with respect to lysine and to study the effect of the 
D=form of lysine on growth of swine. Growth rate and efficiency of feed 
utilization were again the criteria used for interpreting the resultso 
The trial was conducted during the summer of 1953, the experiment being 
initiated May 4, 19530 
Experimental Animals 
Thirty-two healthy Duroc x Landrace-Poland China weanling pigs were 
allotted equally on the basis of weight, sex and age, to four treatmentso 
Average initial weight of the pigs used was 37o5 poundso Twenty barrows 
and twelve gilts were used (five barrows and three gilts on each ration)o 
The pigs were assigned to the various rations at randomo 
Housing 
The pigs were housed in the same pens and handled in the same manner 
as in the two previous trialso 
The srune self feeders were used as previously, but they were remod-
eled in order to reduce feed wastageo 
Rations 
Each lot of pigs was self fed one of the mixed. rations shown in 
Table V. · The chemical compositio� of the feeds used appears in Table VI o
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Table V 
Percentage Composition of Rations Fed 
Trial III= SUil1Iller 
Ration Nu.mberl I II III 
Milo {ground}2 79050 79;45 79040 
Soybean meal 10025 10.,25 10.,25 
· Alfalfa meal (dehydrated) ?oOO 7o00 7o00 
Bone meal 2o00 2.,00 2 ., 00 
Trace mineral salt loOO 1.,00 loOO 
Aurofac 2A 0.,25 Oo25 Oo25 
1-lysine 0 Hc13 Oo05 0.,10 
DL-lysine 0 Hc13 
Total .lOOoOO 100.,00 100.,00 
Total 1-lysine equivalent4 Oo59 Oo64 0.,69 













4B�vitamins were .added to all rations at the following ratesg 
Thiamine ;1 Oo5, riboflavin, L5, niacin j 610, pantothenic acid, 4.,0, 
pyridoxine 9 Oo6; choline, 200 milligrams per pound of mixed ration; 
vi
. 
ta.min B12 .,, 9o0 mcgo per pound of mixed rationo Delsterol was added 
at the rate of 8 grams per ·100 pounds of' mixed ration to furnish: 1 
vitamin Do The crystalline B-vitamins were furnished by Merck and 
Company, Inc o. 
2Westland variety
3Furnished by duPont de Nemours and Company. 
4calculated amounts based on microbiological assay of ration 
component so 
Table VI 
Chemical Composition of Feeds 
Trial III - Summer 1953 
Crude 
H20 Ash Fat Fiber NFE Ca p Protein 
% % % % % % % 
Milo 10 ., 2 lo6 lo5 1�8 74023 014 023 10o3 
Soybean meal 10.,5 600 J,,9 708 27;84 041 045 43oJ 
Alfalfa meal 6�8 12o2 2�1 19o7 38 .. 35 094 021 19 .. 7 
1 Expressed as a percentage of the dry mattero 
2Expressed in grams lysine obtained from 100 grams proteino 
L;y:sine 
% %1 %2
Oo22 0.,25 2o43 
Jo2? Jo65 8 .. 43 













The milo used was of the Westland variety and was locally grown. It was 
ground to medium fineness before incorporation into the rationso The 
ration components and mixing were otherwise as in Trials I and II.· 
Methods of collecting data 
Pigs were weighed individually every fourteen days until they 
approached 120 pounds when weighing was done more frequently to remove 
each pig from the experiment at as close to 120 pounds as possibleo 
Feed consumption of each pig through the previous weigh period was 
measured at every weighing to facilitate periodic calculation of feed 
efficiency., 
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RESULTS AND DISCUSSION 
Trial I= Summer 1952 
The results of Trial I are summarized in Table VIL Statistical 
analysis, by the method of covariance (Snedecor, 1946), of average daily 
gain and efficiency of feed utilization of all pigs to 90 pounds showed 
highly significant differences (P < oOl) among treatments with respect to 
daily gain and significant differences (P < 005) with respect to feed 
required per 100 pounds of gaino Orthogonal comparisons of average daily 
gain and feed efficiency were made between several combinations of treat= 
mentso The basal ration (Lot I) containing 12 percent protein was compared 
with the combined value of the rations supplemented with amino acids (Lots 
IV through VII inclusive), and was found to be significantly inferior to 
the supplemented rations both in average daily gain and efficiency of feed 
utilization,, There was no significant difference in growth rate or feed 
efficiency between the pigs fed the ration supplemented with Oo2 percent 
'\ 
DL=lysine (Lot V) and those fed the rations containing Oo2 percent DL-
lysine plus 00025 or 0605 percent DL=methionine (Lots VII and VIII) res-
pectivelyo Comparisons of Lot VII versus Lot YIII also failed to show a 
significant difference in average daily gain or efficiency of feed utili-
zationo The basal ration plus Ool percent DL-lysine (Lot IV) was compared 
orthogonally with the basal ration plus Oo3 percent DL"".'.13rsine (Lot VI), 
and although the average daily gain of the pigs in Lot IV was Oo15 pound 
greater than that of Lot VI, there was no statisM?ally significant diff� 
erence between the two lots in average daily gain or feed efficiencye 
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_ 'l'a ble VII 
Summary of Re.sults 
�------�Tr=· =i=al I . - . Summer --1.222 
�tion Number 
Nmnber- of pigs. -
Ay� initial ·weight (lbs ., ) 
Av� final Weight (ibs o ) .-
Av: total gain (lbs ., ) · 
·Av� daily gain (lbs .. ). 
_Av� daily feed consumption (lbs o) 
Avo .. fef::ld per 100 lbs., gain (lbs.,) 
. � -. . ' . . .. � 
. . - . 
. . . 1 90'7'20�: lbs" .... 
Av.� initial weight (lbs ., ) 
Av� final weight (Tbs o ) .. 
Ay � total gaih t:...os .. ) · · 
At� daily gain .(lbso) 
!; : ��tii!��i�
()
i�tpt�1� tit�o� � 
Entire-Mriod-
Av� initiarweight (lbs o ) 
:Av� final wight (;Lbs o ) .·· . 
At� total ga.ih (lbs .. J 
Ay �- daily gain (lbs;} -
Ay" daily .feed consumption (lbso) 
Avo feed perlOO lbs� gain (lbso) 








































38.,0 38 .. 1 
95.,0 94 .. 0 
57.,0 56o0 
1.,48 1 .. 27 
4'o54 3068 
307 .. l 29808 
95 .  0 
200 .. 2 
105.,0 
lo48 
5 .. 92 
401.0 
38o0 













1�y the_ p_igs on rations I, II and III were continued on the trial to market wt9
VII 
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38 .. 4 
95o5 
57ol 
. 1 .. 20 
. 3o82 




However, there was an almost linear decrease in average daily gain and an 
increase in feed required per 100 pounds gain as the level of DL-lysine in 
the ration was increased from Ool percent to Oo3 percent (Lots IV, V and 
VI) o Non-orthogonal comparisons were made between Lots I and IV with res-
pect to averave daily gain and efficiency of feed utilizationo• The diff-
erence in average daily gain (Oo24 lb.) between these two lots was highly
significant (P < 001). The feed required per 100 pounds gain was signifi-
cantly reduced (P <: 005) by 6lo4 pounds (17o0 percent) by the addition of
Ool percent DL-lysine to the basal ration, indicating further the inade-
quacy of a 12 percent protein ration of this type for weanling pigs. Non-
orthogonal comparisons were made between Lot I and Lots II and III combined
to compare a 12 percent protein ration with a 17 percent protein ration of
the same type. A highly significant difference (P <.Ol) between average
daily gains of the pigs in the two lots was revealedo Increasing the pro-
tein content to 17 percent (Lot II) reduced the feed required per 100
pounds of gain significantly (P < .05) by 34.7 pounds (906 percent).
Replacing 6.1 percent of the ration with casein (to provide 5 percent
protein) and adjusting the proportions of corn and soybean meal to main-
tain a 17 percent protein ration (Lot III) reduced the feed required per 
100 pounds gain by 53ol (14o7 percent) below the basal. Orthogonal com-
parisons were made between Lot II and Lot III to determine whether the 
soybean meal ration containing 17 percent protein could be further improved 
with respect to rate of gain and efficiency of feed utilization by pa�tial 
replacemeht with casein. No significant difference in either growth rate 
. ' 
or feed efficiency was obtained between the pigs fed these two rationso 
The 17 percent protein ration with soybean contained 1.05 percent lysine 
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However, there was an almost linear decrease in average daily gain and an 
increase in feed required per 100 pounds gain as the level of DL=lysine in 
the ration was increased from Ool percent to 0.3 percent (Lots IV, V and 
VI) ,, Non=orthogonal comparisons were made between Lots I and IV with res­
pect to averave daily gain and efficiency of feed utilization,,, The diff­
erence in average daily gain (0,,2h lb.) between these two lots was highly 
significant (P < 001). The feed required per 100 pounds gain was signifi­
cantly reduced (P < .,05) by 6L4 pounds (17 ,,0 percent) by the addition of 
0.,1 percent DL=,lysine to the basal ration, indicating further the inade=
quacy of a 12 percent protein ration of this type for weanling pigs,, Non=
orthogonal comparisons were made between Lot I and Lots II and III combined 
to compare a 12 percent protein ration with a 17 percent protein ration of 
the same type. A highly significant difference (P < .. 01) between average 
daily gains of the pigs in the two lots was revealed., Increasing the pro=
tein content to 17 percent (Lot II) reduced the feed required per 100 
pounds of gain significantly (P < 005) by 34,,7 pounds (9.,6 percent)o 
Replacing 601 percent of the ration with casein (to provide 5 percent 
protein) and adjusting the proportions of corn and soybean meal to main=
tain a 17 percent protein ration (Lot III) reduced the feed required per 
100 pounds gain by 53,,1 (14o7 percent) below the basalo Orthogonal com­
parisons were made between Lot II and Lot III to determine whether the 
soybean meal ration containing 17 percent protein could be further improved 
with respect to rate of gain and efficiency of feed utilization by pa�tial 
replacement with casein,, No significant difference in either growth rate 
or feed efficiency was obtained between the pigs fed these two rations,, 
The 17 percent protein ration with soybean contained LlO percent lysine 
30 
and when the soybean meal was partially replaced by casein the level of 
lysine was increased to lo30 percent of the rationo The failure of the 
higher level of lysine to further increase the growth rate may have been 
due to having reached the optimum level of lysj.ne at that protein levelo 
The same reasoning may be applied to the results obtained in the lower 
protein rationso The failure of Oo20 and 0.,30 percent level of added 
DL-lysine to promote growth above that obtained in the ration supplemented
with OolO percent DL-lysine may have likewise been due to having reached 
the optimum level of lysine at that level of protein. Kratzer (1950) 
observed growth depression in turkey poults fed D-lysine .. Thus j a second 
possible cause for no additional growth response at higher levels was the 
presence of the D-isomer in the synthetic lysine .. 
The pigs in Lots I
., 
II and III, which were continued on the experi­
ment to market weight, all gained satisfactorily after 90 pounds, averaging 
lo45, 1�42 and lo48 pounds per day, respectivelyo The pigs on the 12 per­
cent protein ration tended to utilize their feed more efficiently at these 
heavier weightso However, discretion is necessary in making feed effj­
ciency comparisons during that period since wasting of feed became a prob­
lem and accuracy of feed consumption was therefore reduced., 
In conclusion, a 12 percent protein ration, fed in the summer when 
feed consumption was somewhat lower than has often been observed in com= 
parable experiments conducted in the winter at the Oklahoma station, was 
inadequate to support optimum growth of wea.D..ling pigs up to 90 pounds .. 
The addition of Ool percent DL=lysine to the basal ration increased the 
average daily gain significantly, but additions of Oo2 and Oo3 pe!r:cent DL­
lysine were less effective in growth promotion and improvement of feed 
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utilization than the addition of O.l percent. The addition of DL-methio­
nine to the basal ration in the presence of 0.2 percent DL-lysine failed 
to increase growth rate or to improve efficiency of feed utilization. 
Trial II ... Winter 1952-53 
The results of Trial II are summarized in Table VIII. Statistical 
analysis, by the method of covariance (Snedecor, 1946), of average daily 
gain and efficiency of feed utilization of all pigs up to 120 pounds 
showed no statistically significant differences among treatments with 
respect to either average daily gain or improvement.of feed utilization. 
However, there was a strong tendency toward significant'differences among 
treatments in average daily gain (P = ?.5 percent) of pigs up to this 
weight. The basal ration (Lot I), containing 12 percent protein, produced 
0.15 pound (11.1 percent) less average daily gain than the same ration 
supplemented with 0.10 percent DL-lysine (Lot II). The 16 percent protein 
ration (Lot IV) was no better than the 12 percent protein ration supple­
mented with 0.1 percent of DL-lysine with respect to average daily gain. 
Average daily gain of the pigs in each lot were 1.52 and 1.50 pounds, 
respectively. The feed required per 100 pounds gain was 17.6 pounds less 
on the 16 percent protein ration than on the 12 percent protein ration to 
approximately 120 pounds average weight. 
When 0.2 percent DL-lysine (Lot III) was added to the basal ration 
no growth stimulation was obtained above that of the basal& Average daily 
gains of pigs on the two rations were L36 and 1."35 pounds, respectively. 
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The feed required per 100 pounds of gain was 44.9 pounds (13ol percent) 
greater in Lot III than in Lot I. This.failure of higher levels of DL-lysine 
Table VIII 
Summary of Results 
'.frial II� Winter 1952-53 
Ration Number I II III IV 
Up.to.120 lbs� 
Av; initial·weight (lbso) 
Av� final weight (lbs o } . 
·Av�·gain· (lbs.) ..
'nays- on reed -
.. Av� daily gain (lbs;J·
Av; daily· feed·con�um.ption (lbso) 
Jv� feed P9+ 190 lbso gain (lbso) 
-� • • • r • , • . • 
120 to 200 ibs6-
Av; initial..�wei.ght (lbso) 
iv; final' weight ( l'bs,, ) 
Av;· gain '(Ibs o ). . 
Davs· off feed"-· .. 
Av: daily gain (lbs�Y · - · -­
Av� daily· feed· o·onsumption (lbso) 
Av o feed per 100 lbs;, gain .(lbso) 
Entire-E!riod 
Av� -initial\1�ight (lbs,.) 
Av� final weight (lb'so) 
Av., · gain-(lbs o ) . 
Days on feed ..... 
Av; daily gain (lbs.) 
Av: aa:11y·reea·consumption (lbs.,) 
Av� f'eed per lO() .lbso gain '(lbs.} 
Basal Basal+ Basal+ 16% 
;I.2% protein Ool.% DL�;t.ysine Oo2% DJr.Lysine protein 
51.0 
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48ol 
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122 .. 8 
200.3 
77�5 
48 .. 5 
1.64 
7.45 
454 • .3 
520 t 








in the ration to stimulate growth and improve efficiency of feed utili-
zation is in agreement with the results obtained in Trial I. 
. .
Ration v, which contained 13.2 percent protein and approximately the 
. 
. 
same amount of L-lysine as Ration III," produced 0 .. 13 pound higher average 
daily gain t�an Ration II�� Efficiency of feed utilization was likewise 
improved, 46.J pounds (1306 percent) less feed being required to produce 
100 pounds of gain. The superior results obtained from the 13.2 percent 
protein ration may have been caused either by the increased supply of amino 
aci.ds provided by the 1.,2 percent extra protein or by presence of the D-
isomer of lysine in the 12 percent protein ration .. The l3o2 percent prot-
ein ration produced growth and feed efficiency comparable to that of the 
. 16 percent protein ration
., 
suggesting the possibility that a ration of this 
type containing 13 percent protein may be adequate for growing pigs under 
certain conditionso 
All the pigs were continued on their respective rations to market 
weight. Average daily gain and efficiency of feed utilization were very 
similar in all lots from 120 pounds to 200 pounds, Lot II tending to be 
somewhat superior to the other lots in both respects. Wast:ingof feed 
became a problem during the last half of the trial, and although adjust-
ments were made for feed losses, the accuracy of measuring individual 
feed consumption was reducedo Hence, this must be taken into consideration 
in making comparisons in feed efficiency among the lots during that periodo 
Average daily gain and efficiency of feed utilization summarized over the 
entire feeding period showed that all rations produced satisfactory �ains 
and that overall feed efficiency was likewise not significantly affected 
by the rat�.on 'f edo 
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In conc1lusion, although no statistically si.gnificant differences 
were obtained among lots with respect to daily gain or feed efficiency, 
there was a strong tendency for a 12 percent protein ration supplemented 
with OolO percent DL-lysine to produce faster growth up to approximately 
120 pounds in weight than if unsupplemented., Supplementation with Oo20 
percent DL.;..lysine failed to stimulate growth and decreased the efficiency 
of feed utilizationo The increased growth rate obtained from the addition 
of OolO percent DL=lysine was equal to that obtained from similar rations 
containing 13o2 and 16 percent proteino Efficiency of feed utilization 
on these three rations was the same,, From this it appears that lysine is 
the first limiting amino acid in a ration of this type and suggests the 
possibility of producing economical gains in growing pigs using lower soy= 
bean meal allowances than now generally recommended if lysine can be ob­
tained frorr other sources at a reasonable cost,, 
Growth rate and feed efficiency of pigs on each ration tended to 
become equal as the trial progressedo 
Trial III - Summer 1953 
The results of Trial III are summarized in Table IX., Statistical 
analysis by the method of covariance (Snedecor, 1946) of average daily 
gain and efficiency of feed utilization of all pigs up to 120 pmmds 
showed no statistically significant differences among treatments with 
respect to either average daily gain or feed required per 100 pounds of 
gain� However, the same general tendencies.were observed in this trial 
as in the two previous trials with respect to the effects of supplementing 




Summary of Results 
Trial III w, Summer 1953 
____ ....,., 
Ration Number I II III IV 
Number of pigs 8 8 8 '8 
Av. initial weight (lbs,,) 37.,5 37o4 3706 37 06 
Av ,, final weight (lbs.,) 121 .. 1 122,,8 125 .. 6 121 .. 8 
Avo gain (lbso) 83 .. 6 8.S .. 4 89.,3 83.0 
Avo daily gain (lbso) 1 .. 35 1.,48 1.,55 L40 
Av& daily feed consumption (lbso) 4.64 4.95 5.22 4.,90 
Av .. feed per 100 lbs. gain (lbso) 328 .. 2 322.,6 32206 35204 
The addition of 0.,05 percent L=lysine to the 14 percent protein milo­
soybean meal ration (Lot II) improved the average daily gain by Ool3 poundo 
Average daily gains of the pigs in each lot were L48 and lo35 pounds, 
respectively,, The addition of Ool percent L-lysine (Lot III) to the same 
fuasal ration resulted in further increase in growth rate, the pigs in Lot 
III having gained an average of L55 pounds per day versus the L35 pounds 
gained daily by the pigs in Lot I., When 0.,1 percent L-lysine (Lot III) 
was replaced by Oo2 percent DL=lysine (Lot IV) :, the improvement in average 
daHy gain over Lot I was only 0., 05 pound ( 1,, 35 vs" lo 40 pounds)" 
The L=lysine contained in Ration I was 4o22 percent of the protein 
while that of Rations, II, III.'I IV were 4.,57, 4o93 and � ... 93, respectively,, 
Although the differences in growth rate among the lots of pigs was not 
statistica11y significant the tendency for pigs to grow faster on rations 
supplemented with L�lysine cannot be overlooked., This tendency follows 
the trend observed in the two previous trials and is in agreement with the 
work by Brinegar et al_o, (1950) who observed a linear relationship between 
the lysine level of the dietary protein and the performance of pigs at 
lysine levels below �;05 percent of the dietary protein, and with Kratzer 
(1950) who observed growth depression in turkey poults fed D-lysine,, 
The feed required per 100 pounds gain was alrrrost identical for Lots 
I, II and III 1 but pigs in Lot IV tended to require more feed per pound 
gain although the difference among lots was not statistically significant .. 
The feed wasting problem was alrrrost completely eliminated in this 
trial by remodeling the feeders used.9 so feed efficiency figures were 
obtained with a higher degree of accuracy than in the first two trials ,,
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In conclusion, the addition of L-lysine to a 14 percent protein milo­
soybean meal type ration appeared to improve the growth of pigso The 
addition of 0.,2 percent DL-lysine tended to be less effective in growth 
promotion than either O.OS or 0.10 percent L-lysineo Feed efficiency 
tended to be reduced in the presence of 0.2 DL=lysine. 
It appears that lysine may be the limiting amino acid in a ration of 
this type and that the presence of the D-isomer in the synthetic lysine 
may decrease the effectiveness of lysine as a supplement. 
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SUMMARY 
Three feeding trials were conducted to determine the optimum level 
of protein for growing pigs fed all plant rations and to study the effects 
': 
of supplementing low protein rations of this type with lysine and/or me-
thionine o In Trial I a 12 percent protein corn=soybean meal ration was 
compared to identical rations supplemented with Ool
,,. 
Oo2, Oo3 percent DL= 
lysine and with 0.,2 percent DL-lysine plus 0.,025 and 0 .. 05 percent DL= 
methionineo The 12 percent protein ration was also compared with a 17 
percent protein ration of the same type and with a similar 17 percent 
protein ration with five percent of its protein supplied by casein. 
The rate and economy of gain were improved significantly by supplementing 
a 12 percent protein ration with lysine., The greatest increase in growth 
rate above the basal occ 1J.rred when the ration was supplemented with Ool 
percent DL=lysine; higher levels tended to become progressively less 
effective in improving growth rate and feed efficiencyo DL-methionine 
added in the presence of 0.,2 percent DL=lysine gave no significant increase 
in growth rate or feed efficiencyo Increasing the protein content to 17 
percent significantly improved the rate of gain and feed efficiency above 
that obtained on the 12 percent protein basal rationo There was no signi= 
ficant difference in the growth rate or feed efficiency obtained in the 
two 17 percent protein rationso The pigs fed the 12 percent protein 
ration and the two 17 percent protein rations were carried to 200 poill1ds., 
All three lots of pigs grew equally well during the period from 90=200 
poundso 
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In Trial II no significant differences in growth or feed efficiency 
were obtained during the period from weaning to 120 pounds& The 16 and 
13 .. 2 percent protein rations tended to produce more rapid gains than the 
12 percent protein ration .. · The 12 percent protein ration supplemented 
with Ool percent DL-lysine was approximately equal to the 17 percent 
protein ration with respect to growth rate and efficiency of feed utili­
zation.. The 13o2 percent protein ration, which contained the same amount 
of 1-lysine as was in the ration supplemented with Oo2 percent DL-lysine, 
tended to produce growth rate and feed efficiency superior to that of the 
latter ration., During the period from 120=200 pounds all-rations produced 
satisfactory and similar gains, the ration supplemented with O .. l percent 
DL-lysine tending to excell the others somewhat in growth rate producedo
In Trial III a 14 percent protein milo=soybean meal ration was the 
basal ration fed to weanling pigso The other rations were basal plus 
Oo05 and 0,.10 percent L-lysine and basal plus 0.,20 percent DL-lysine .. 
Although no statistically significant differences in growth rate or feed 
efficiency were obtained among the lots there was again a strong tendency 
for rations supplemented with lysine to exceed the basal ration in rate 
of gaino The OolO percent L-lysine ration produced the most rapid gains, 
followed by the Oo05 percent L=lysine and Oo20 percent DL lysine rations, 
respectively., 
These tri�ls suggest"that lysine is the limiting amino acid in a 
corn-soybean meal and a milo-soybean meal ration containing 12-14 percent 
proteino The D=isomer of lysine may interfere with tne usefulness of DL� 
lysine as a supplement to swine rations as indicated by an inverse response 
to added increments in excess of 0.,1 percento 
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